Prior to the discussion of the detailed operation of the instrument it will be useful to describe a typical gas mixing and metering system used in this laboratory. Gas Handling System. As mentioned before, the analyzer acts as a difference analyzer and, therefore, the gas stream must be divided, part going directly to the analyzer and the remainder being passed over the sample of fruit and thence to the analyzer. Figure 3 is a flow diagram which shows how standardizing gas and two samples of fruit are arranged.
Air must always pass through the first pair of ports of the multisampling system to provide a trace on the recorder chart for the case where there is no difference in the oxygen concentration between two gas lines. For the samples of fruit, gas is taken from a mixing board (fig 3) 
YOUNG & BIALE-C02 & FRUIT RESPIRATION
The analyzer is set up to operate as a difference analyzer, that is, it determines the difference in the percentage of oxygen between two gas streams. Therefore, a pair of ports must be used for each analysis as is shown in figure 3 . A reference gas, normally air, must be passed through the first pair of ports, leaving one to 24 pairs of ports available for use.
The analysis of each sample lasts 15 minutes and consists of three steps, of which the first two require 4 minutes each and the last, 7 minutes. For the first step, the multi-sampling system is on an odd-numbered port sampling the inlet gas stream. The sequence switch is on position one (fig 4) , and the recorder is operating on a scale such that 25 % oxygen equals full scale. The suspension is brought to its null position by feedback from Rl coupled to the recorder pen drive. When air is supplied to the detector the recorder trace occurs at division 84, which is equal to 21 % oxygen on the chart of 100 divisions (trace 1 of fig 6) . The 4 minutes allowed for this step permit a complete sample change of the 16 ml volume of the detector if the flow rate is approximately 100 ml/min.
Referring again to figure 4, step 2 is started by the timer causing the actuator to advance the sequence switch to position 2. The multi-sampling system does not advance, but remains on the inlet gas stream.
The sensitivity is multiplied by 12.5 by virtue of R6a being added to the circuit so that the entire width of the chart equals 2 % oxygen. Now Rl is disconnected and the potential on the suspension is supplied by the manually adjusted potentiometer R2. The suspension must now be out of null position and is restored to null by reduction of the voltages on thê * . . vanie electrodes by the motorized potentiometers R3b and R4b. The recorder continues to make its trace at the same chart division as in step 1, but is actually disconnected during step 2, as can be noted by the position of deck 2 of the sequence switch. Trace 1 of figure 6 represents the 8 minutes of steps 1 and 2.
As the sensitivity of the instrument is now multiplied so that the entire width of the chart represents 2 % oxygen, the function of step 2 is to adjust electrically the detector to the 2 % scale with the inlet gas in the analysis cell by reduction of the potential on the vane electrodes. R2 is so set that with the inlet gas stream in the detector the pen of the recorder will trace near the right-hand margin of the chart, irrespective of whether the inlet gas contains 2 or 25 % oxygen or any value in between these limits.
For step 3, the sequence switch advances to position 3 and the multi-sampling system advances to the next port. Now motor 2 (Mo 2 in fig 4) is disconnected and the voltage on the vane electrodes is fixed as in step 2 while the null position of the detector is adjusted by Rl coupled to the recorder. The span is still 2 % by virtue of R6b being in the circuit. If the oxygen concentration is the same during this step as in steps 1 and 2, the recorder will trace near the right-hand margin of the chart as shown in trace 2 at division 93 in figure 6 . Indeed, the first two ports must always carry the same gas, generally air, to establish this 2 % scale reference point.
The next cycle is started by the sequence switch returning to position 1 and the valve advancing to position 3. For the portion of the chart shown in figure 6, trace 3 represents this cycle and air was being fed to the valve. The recorder again records at division 84 or 21 % oxygen during steps 1 and 2 as represented by trace 3 on figure 6. At step 3 the valve advances to port 4, which is accepting air that has passed over a sample of fruit. The recorder now moves downscale to division 43 to make trace 4. On this scale each division equals 0.02 % oxygen; therefore the difference between 93, the 2 % reference point, and 43 multiplied by 0.02 equals 1.00 % oxygen used up by the fruit.
For the next cycle shown on the trace in figure 6. 5.6 % oxygen was supplied to port 5 of the valve and to a sample of fruit. For this position the recorder moves downscale to division 22.5, representing 5.6 % oxygen on the 25 % scale. When the instrument switched to position 3, the pen moved to the 2 % reference line, that is to division 93. As gas from port 6 entered the detector cell, the pen moved imtlmediately back to division 60 to draw trace 6. This sanmple of fruit used 0.66 % O2 [(93-60) figure 7 is shown a curve of the respiratory activity of a culture of Penicilliu(ml digitatu1ni Sacc. which il- lustrates the value of frequent and automatic recording. There was essentially no oxygen uptake for 3¼2 days, followed by a rapid rise and decline in activity during the next 48 hours. The major change in respiration of this culture was confined to an 18 hour period. Another example of the value of frequent determinations is found in the case where enzvmatic activities of fruit are to be determined at various stages of the climacteric rise in respiration.
Here frequent determinations of respiratory activity of a number of individual fruits permits the choice of fruit for analysis which are at precisely known stages of the climacteric.
The instrument can be used equally well for measurement of photosynthesis. We have determined photosynthetic activity of intact tobacco plants, de- tached leaves, and barley seedlings. Calvin has used a similar instrument for determination of photosynthesis of Chlorella (1).
Summary
The determination of respiratory activity of fruits and tissues by a paramagnetic oxygen analyzer is described. The primary advantage of the method is that respiratory activity can be determined in the presence of added carbon dioxide and at any oxygen level from 1 to 25 %. No specially prepared gas mixtures are required for calibration and the instrument is easily adapted to automatic sampling and recording. The oxygen analyzer is particularly useful where rapid changes in rate are to be followed or for measuring photosynthetic activity. Gas handling systems used in conjunction with the oxygen analyzer are (lescribed.
